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One of the biggest tasks for health professionals is to address the needs of persons with chronic illnesses like type
1 diabetes (T1D) and to support the acquisition of all necessary self-management behaviors. Functional insulin
therapy (FIT) enables patients to adapt insulin doses according to everyday situations and reduces the risk of

The aim was to describe the co-development, with patient as partners, of an eHealth tool for the acquisition of

skills in FIT, to evaluate the user’s acceptability and learning effectiveness on a sample of T1D patients followed
in the University Hospital of Nancy. Subjects were invited to participate between July and August 2020.

A total of 35 participants from different professional categories, median age of 41 years (IQR 27; 60) were
included. In 22 subjects having access to all learning activities, there were positive relationships between the
success score and the task (Spearman’s rank correlation coefficient ry = 0.5), between the intent to use and
following parameters: perceived utility (rs = 0.694), educational adequacy (rs = 0.786), tasks r; = (0.664),
technology (rs = 0.520) and ease of use (rs = 0.659).

This pilot study describes a user-centered approach to development of an eHealth tool for the acquisition of
self-management skills in FIT. The online tool was well accepted and showed a positive impact on learning. The
concept presented here will be useful to prompt future eHealth interventions in T1D or other chronic conditions
aiming to increase patients’ autonomy to prevent disease-related complications.

1. Introduction

One of the tasks for health professionals is to address the needs of
persons with type 1 diabetes (T1D) and to support the acquisition of self-
management behaviors by patients and/or their caregivers. Intensified
insulin therapy with a goal of maintaining blood glucose concentration
close to normal range is the cornerstone of the modern therapy for T1D
(The Diabetes Control and Complications Trial Research Group, 1993).
Nowadays we dispose different tools that enable almost physiological
glycemic control: continuous glucose monitoring (Langendam et al.,
2012), sensor-augmented insulin pump (Bergenstal et al., 2013) or an

automated insulin delivery system (“closed loop™) (Elleri et al., 2011).
However, current technologies remain hybrid and cannot predict situ-
ations requiring the adaptation of insulin doses such as meals, sport
activities, stress or unstable diabetes. Patients’ active involvement in
daily self-management is necessary (Elleri et al., 2011). Educational
approaches for self-management skills are mandatory to prevent the risk
of iatrogenic hypoglycemia, acute and long-term complications.
Functional insulin therapy (FIT) is an optimized intensified insulin
therapy, whose objective is to faithfully reproduce the physiological
secretion of insulin. It is based on three principles: 1/ a separate man-
agement of basal and prandial insulin; 2/ the adaptation of insulin doses

* Corresponding author at: Department of Endocrinology, Diabetology and Nutrition, Nancy, Centre Hospitalier Universitaire, Université de Lorraine, Nancy

54000, France.

E-mail addresses: eva.feigerlova@fulbrightmail.org, eva.feigerlova@univ-lorraine.fr (E. Feigerlova).

1 Equal contribution.

https://doi.org/10.1016/j.pmedr.2022.101968

Received 19 March 2022; Received in revised form 9 August 2022; Accepted 25 August 2022

Available online 30 August 2022

2211-3355/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:eva.feigerlova@fulbrightmail.org
mailto:eva.feigerlova@univ-lorraine.fr
www.sciencedirect.com/science/journal/22113355
https://www.elsevier.com/locate/pmedr
https://doi.org/10.1016/j.pmedr.2022.101968
https://doi.org/10.1016/j.pmedr.2022.101968
https://doi.org/10.1016/j.pmedr.2022.101968
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

C. Fezzi et al.

to every-day situations and; 3/ the use of additional correction boluses
of insulin in case of hyperglycemia. It is associated with a reduction of
the risk of severe hypoglycemia, ketoacidosis and with a better quality of
life (DAFNE Study Group, 2002). To apply the principles of FIT, patients
have to acquire specific knowledge for self-management behaviors.
Therapeutic education in FIT is time- and money-consuming and cannot
be offered to all patients. Therefore, eHealth strategies seem a promising
alternative. To be accepted by users, eHealth learning modalities should
incorporate patients’ perspectives (OHTAC, 2015).

In collaboration with T1D patients as partners, we developed an
eHealth tool on the acquisition of skills in FIT. The goal is to provide a
remote teaching tool available on the hospital’s website, which enables
the T1D patient to acquire the necessary knowledge for self-
management skills in FIT, and the health professional to deliver a
personalized care. The aims of the present study were to describe the
workflow of the development of eHealth tool with patients as partners
including the evaluation of learning effectiveness and users’
acceptability.

2. Methods

This is an exploratory observational study conducted in the Depart-
ment of Endocrinology of the University Hospital of Nancy. Patients
were involved in all stages of the development process (Supplementary
Fig. 1): 1/ design; 2/ elaboration of educational content; 3/ reviewing
and adaptation of the pilot version; 4/ acceptability study; 5/ post-
review of a pilot-tested version.

2.1. eHealth tool

An eHealth learning tool baptized “MyFIT” (My Functional Insulin
Therapy) was developed between June 2018 and June 2020 by the team
of investigators in collaboration with five T1D patients (3 women) as
partners, from four different age categories according to the use of
Internet (<25 years, 25-39 years, 40-69 years, > 70 years) (Statista
Research Department, 2021). Development was carried out based on the
principles of FIT (Bendik et al., 2009; Grimaldi et al., 2008) and the
conventional learning module provided in a hospital setting (Flaus-
Furmaniuk et al., 2017). Learning content was adapted to online edu-
cation (Arbaugh and Hornik, 2006). User is guided by a mascot ac-
cording to his/her age category (child/adolescent, adult, elderly),
gender and socio-professional activities. The eHealth tool comports two
parts: 1/ Module 1 general knowledge on diabetes and self-management
which is prerequisite for the acquisition of skills for FIT; 2/ Module 2
acquisition of self-management skills for FIT including coefficients of
FIT and carbohydrate counting (Table 1). Both modules contain inter-
active activities and exercises from everyday life situations promoting
self-management behaviors. Automatized feedback messages are
generated upon answering knowledge questions. Progress bars enable
the users to follow their learning. Statistical reports generated by the
tool enable health professionals to calculate the scores on knowledge
tests and guide their patients.

2.2. Acceptability study

Adult patients with T1D on intensive insulin therapy for >1 year,
who received standard diabetes education with a fix meal eating plan by
the diabetes team, were invited by telephone by the investigator (EF)
between July 25, 2020 and August 7, 2020 to participate: a/ complete e-
learning activities of the eHealth tool including knowledge question-
naires; b/ complete the user’s acceptance self-administered question-
naire. To access the eHealth tool on Internet, a code was sent to each
participant via e-learning platform of the University Hospital of Nancy.
The length of participation was a time needed to complete learning
activities and self-administered questionnaire. Last answers of the par-
ticipants were received on September 30, 2020.
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Evaluation of the acceptability of the eHealth tool was carried out
according to the recommendations of the Association of American
Medical Colleges (Association of American Medical Colleges, 2007)
following the model of Kirkpatrick (Kirkpatrick and Kirkpatrick, 2006)
with two levels that the learner can reach: i/ learning effectiveness as a
success rate on the knowledge tests; ii/ evaluation of the user’s behavior
and of the perceived performance according to the acceptance model of
the technology (Gagnon et al., 2012) (Supplementary Table 1): a/
perceived utility; b/ perceived ease of use; ¢/ intention to use; d/ ade-
quacy of learning. The user acceptance was evaluated using a self-
administered questionnaire, elaborated by the investigators, which
contained a voluntary section for respondents to submit any free com-
mentaries about their experience with using the eHealth tool. A final
revision of the pilot-tested version was undertaken in collaboration with
five patient-partners including an external review provided by the
health professionals (1 dietitian, 1 diabetologist, 1 nephrologist) (Sup-
plementary Fig. 1). The study follows the STROBE guidelines (von Elm
et al., 2007) (Supplementary Table 3).

2.3. Ethics

The study was approved by the IRB of the University Hospital of
Nancy (n° 360). It is registered at ClinicalTrials.gov (NCT04512885) and
at French National Commission for Data Protection and Liberties (n°
2020P1162-49). All subjects received verbal and written information
regarding the study objectives, voluntary participation, and assurance of
confidentiality. All data were anonymized before the start of the
analysis.

2.4. Statistical analysis

All quantitative variables are described as medians and percentiles
(IQR, 25-75th percentile), all proportions as percentages with 95 %
confidence intervals. The final scores on the MyFIT knowledge tests
(Modules 1 and 2) were calculated as a percentage of the overall score
for all exercises. The maximum score that could be obtained was 100 %.
More than 75 % users should answer the questions correctly. The ex-
pected success rate was of 88 % + 12 %. A total of 30 subjects was
necessary, taking into account 5 % lost to follow-up. Correlations were
measured, using a Spearman’s rank correlation, between the dimensions
of the self-administered questionnaire and the scores on the knowledge
tests. Non parametric comparisons were two-sided. Alpha risk was set at
0.05. Free form answers were coded and analyzed thematically by two
investigators and any discrepancies were resolved by consensus with
two other investigators (Fitzpatrick and Boulton, 1994).

3. Results

Out of 63 subjects eligible for inclusion, 35 patients agreed to
participate. The Module 2 was accessible to 22 out of 35 participants due
to technical problems which were difficult to resolve in the context of
the COVID-19 epidemics. These technical difficulties are currently
resolved. Demographic characteristics of the participants are shown in
Table 2. Median age of the study population (n = 35, 46 % males) was
41 years (IQR 27; 60). All patients were on intensified insulin therapy
(more than 80 % on insulin pump). The participants were from different
professional categories and all of them had a high school diploma or
university degree.

A final success score in 22 patients, who could complete all learning
activities and evaluation exercises of Module 1 and Module 2 was in
median of 85.6 % (IQR: 79.2; 91.4). Among these 22 participants, 90 %
had a final score higher than 78 %. Results of the user’s acceptance self-
administered questionnaire are detailed in Table 2. There was a positive
relationship between the success score (Module 1 and Module 2) and the
task (Spearman’s rank correlation coefficient rg = 0.454; P = 0.039). We
observed a positive relationship between the intent to use and the
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Table 1
MyFIT tool: learning activities and navigation.

Easy navigation guided by a mascot:

Personalized learning: six mascots based on age, gender and socio-professional activities of
learners

CHOISISSEZ VOTRE COMPAGNON
puis validez votre choix avec le bouton "suivant"

Dominique
Disbitece tyoe 1 cepui emce 1620

I thérapi b2 boks i Kt e st
oudibitbanal omon Bos ant AL 100

Professionavec Poraires régters
Lotss: ataton yoga,vorages
Hlimentatione varobie

Access to glossary

Alde de Foutll MyFit

AlB|CIDIE[F[G[H[1])[K|L[M[N[O[P|QIR|S[T[U|VIW|X|Y|Z

Acidocétose

Acidose Vous pouvez visualisez dans cette partie

toutes les définitions des mots ou termes
Nidon que vous ne comprenez pas.

MyFIT endocrinologie CHRU de Nancy

Access to online resources

Vous pouvez visualisez dans cette partie
toutes les ressources qui peuvent vous &re
utiles pour I3 compréhension de

8 rinsulinothéraple foncionnelle.

Visual progression bar

Alde de Foutit MyFit

MODULE 1

1. Ghucose ot gy
4

" Dans cette partie, vous pouvez visualiser
titre de chaque chapitce ainsi que son

“

Timely and appropriate feedback from health-care providers

(continued on next page)
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Table 1 (continued)

Nowsat ot cos

Nousa oaLaTE otaniar comenon

9 - 16/10/2020

MYFIT - Modue 1

Status du cours : TERMINE ET VALIDE

Progression dans le cours
wcone CURE o L sessN e oae ot oteer
0/0 69 06/08/2020
Status des excercices
1 0 0 2 27
Excercie. Score. Nombre dessai Status.
exercises exol 3R 1

Interactive lessons with animations

Petit:déjeuner  Déjeuner

W Sucre
A Glucose
Insuline

Active learning: exercises based on every-day life situations

Repas festif | Question (code: exo115)

Veullez lire 'éroncé ci-d

Nous sommes le 25 décembre, nous allons féter Noél.
f est 12h30, nous passons & table.

poi
Voici l'entrée :

15 g de fole gras avec
2 biscotte davocat-crovtte

VALIDER

(continued on next page)
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Table 1 (continued)
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Physical activity: exercises adapted to age and professional activities of learners

Respect of diverse ways of learning: concept of “rapid e-learning blog ” - access to learning
module or directly to knowledge evaluation

Repas festif | Question (code: ex0115)

Veuillez lre Fénoncé ci-dessous.

Explications de I'exercice (partie 1)
Ma glycémie avant de manger est § 09 g/L.

Je vals faire une p e pour couvrir Fentrée et Noél.
Conermant mon entrée

15 g defole gras vec verrine de mousse
huwres
davcatareatie =

-
folegras =0 ramme ogramme , e
biscottes =13 grammes néglgeadie 2K i 4

Soit un total de 30 grammes de glucides pour Fentrée

Combien dfunités vals-je mvinjecter pour cette premidre partie de repas:

Prendre 15g de glucides

jouter 1g.do

| Leffet hypoglycémique peut
durer plusieurs heures aprés
Tarrét de l'activité.

D'oirla nécessité de contrdler
régulierement la glycémie
pendant, mais aussi aprés

I'effor

Repas

——  Activité physique

(<l

Conséquences du déficlt en Insuline | Question code: x050)

Sélectionnez les différentes causes d'hyperglycémie possible.

Une activité. Unjus dorange
physique intense dinjection sans Injection
dinsuline rapide  dinsuline rapide.
ors dun repas

Une activité Une infection Un oubll Un jus dorange

physique intense. dinjection sans injection
dinsuline rapide  dinsuline rapide
lors d'un repas
Correction de Fexercice
Les diff tun lucldes, un déficit en Insuline, une p

3 plol.) Infection, ..J, une pr une
actwité physique intense peut également étre reponsable d'une hyperglycémie (cf module 2).
Uactivité physique intense peut faire monter [a glycémie, Les hormones de stress, comme fadrénaline, pausse notre corps & prodire

fus déjucns: quil
& 275 ©

MyFIT endocrinologie CHRU de Nancy

following parameters: perceived utility (r; = 0.694; P = 0.001); educa-
tional adequacy (rs = 0.786; P = 0.001); tasks r; = (0.664; P = 0.001);
technology (rs = 0.520; P = 0.002); ease of use (rs = 0.659; P = 0.001).
Thirty-two questionnaires contained free-text comments from the study
participants (91 %). The answers were abstracted into three main cat-
egories: e-learning environment, interface and navigation, and learning

content. Major themes and representative responses are illustrated in
Supplementary Table 2.

We further investigated whether there were any differences between
the group of 13 subjects who experienced connection problems and the
group of 22 subjects who completed all learning activities. There were
no difference in age (P = 0.649) or sex (P = 0.968). No significant
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Table 2
Sociodemographic characteristics of the population and answers to a self-
administered questionnaire evaluating users’ acceptance.

Groups of participants

Module 1 Modules 1 +
(n=13) 2
(n=22)
Sex (female) 6 (7) 10 (12)
Age (year) 41 (27; 55) 41 (36,5; 60)
Duration of diabetes (years) 19 (13; 36) 23 (19; 31)
HbAlc (%) 8(7,4-8,3) 7,2 (6,9-7,8)
Insulin pump (% of patients) 77 % 85 %
Duration of training (min)
Module 1 41 (27; 55) 80 (64; 113)
Module 2 - 219 (146;
387)
Module 1 + Module 2 - 284 (245;
473)
Success score (%)
Module 1 93 (79,3; 93 (86,1;
93,1) 96,6)
Module 2 - 83,9 (79,6;
89,7)
Module 1 + Module 2 - 85,6 (79,2;
91,4)
Users’ acceptance (Answers) *
1 feel comfortable with new technologies 4(4;5) 5(4;6)
I use e-learning tools 4(2;4) 4 (3,3; 5,8)
It is convenient to do distance training 4 (4;5,5) 6 (5; 6)
Connection to the tool is easy 5(4;6) 5(4;6)
Navigation is easy 5(4;5) 5(4; 6)
1 feel comfortable with this tool 5 (4,5; 5) 5(4;5)
1 will need a technical assistance to be able to use 1(@1;2,5) 1(1; 1D
this tool
I can easily find different functions of the tool 4(4;5) 5 (5; 6)
The tool is pleasant to use 5(4;5) 5(4; 6)
Images and mascots are user-friendly 5(4;5) 5(4,3; 6)
Course content is easy to follow 5(5;5) 5(4;5)
The content of the glossary is relevant 5 (4,5; 5) 5(5; 6)
Internet resources are adapted 5(4;5) 5(4;6)
1 find easily the information I need 5(4;5) 5(4;5)
I will use this tool frequently 4 (4; 5,5) 6 (4; 6)
1 feel confident to apply the acquired knowledge 5(5;5) 5 (4;5,6)
This tool will help me in my everyday life 5 (4,5; 5,5) 5 (4; 5,6)
The proposed exercises are practical 5(4;5) 5(4; 6)
1 will use this tool to manage my disease 5(3,5; 5) 5(4;5,8)
The tool will allow my relatives to help me to 3 (2; 4,5) 4 (2,3; 6)
manage my disease
1 did the training not to disappoint my doctor 1(1; 1 1(1;1)
The tool will enable patients to learn how to 5 (4;5,5) 5 (5; 6)
manage their disease
The tool will help healthcare professionals to take 5 (4,5; 5,5) 5(4; 6)
care of their patients
The tool will allow me to update my knowledge 5 (5; 5,5) 6 (5; 6)
The items are logically presented 5 (4,5; 5,5) 6 (5; 6)

Values expressed as median (IQR) or as percentage.

*Answers on 6-point Likert-scale: 1 = strongly disagree 2 = disagree, 3 =
somewhat disagree, 4 = somewhat agree, 5 = agree, 6 = strongly agree. Values
expressed as median (IQR).

differences were observed for the time spent on the first module (P =
0.102), knowledge score of the first module (P = 0.20) or dimensions of
the self-questionnaire except for internet use (P = 0.048). The evalua-
tion of Internet is biased given the recurring connection problems
encountered by the group of 13 subjects during the COVID-19 epi-
demics. These results suggest that the connection problems occurred
randomly and did not concern a specific subpopulation of patients.
Results of the acceptability study and the input of 3 independent
health-care providers enabled to validate 80 % of learning content and
make final adaptations. A schematic representation of the interactions

Preventive Medicine Reports 29 (2022) 101968

between patient and his/her healthcare provider via MyFIT tool is
illustrated in Supplementary Fig. 2.

4. Discussion

An eHealth tool for the acquisition of self-management skills in FIT
(“MyFIT”) was well accepted, easy to use and showed a positive impact
on learning, while integrating several aspects of the use of new tech-
nologies and Internet. The success rate was independent of the use of
eHealth technologies suggesting that the tool can be offered to different
categories of patients. Active implication of the patients enabled us to
incorporate users’ experience, their needs and attitudes regarding
acquisition of self-management skills.

To our knowledge there is no eHealth learning tool offering a
structured education for the acquisition of skills for FIT in patients with
insulin dependent diabetes. Recently, a mobile phone-based data ser-
vice to assist DM1 patients on intensive insulin treatment enabling an
interaction between patients and health care professionals has been
described (Kollmann et al., 2007); however, with no structured educa-
tional approach.

Crucial role of support of patients has been emphasized by others
while using telehealth approaches (Milcent, 2021), as low knowledge of
technology might represent barriers for some patients and limit an
efficient use of telehealth (Reed et al., 2020). We have recently identi-
fied the gaps in existing research highlighting the need for well-designed
studies to guide the future development of the e-health learning stra-
tegies in the care of patients with T1D (Statista Research Department,
2021).

We have to acknowledge that the study sample was small. Technical
problems during the Covid-19 epidemics did not enable to all patients to
complete all learning activities. Ninety percent among the patients who
finished all learning activities had the final score on the knowledge tests
higher than 78 %, which is suggestive of a good success. To learn the
principles of FIT, patients with T1D need to have basic self-management
skills. Therefore, to avoid potential sources of bias, only patients with
T1D who were receiving intensive insulin therapy for more than 1 year
and who were educated in self-management of diabetes were included in
the present study.

Despite of a monocentric design of the present study, generalisation
of our approach is possible and might facilitate healthcare delivery to a
larger group of patients. Indeed, the French authorities postulate the
education of patient with T1D to self-management in FIT before any
prescription of closed-loop systems. In parallel this approach is pre-
dicted to be cost-effective as telemedicine services are reimbursable by
Health Insurance in France.

5. Conclusion

The results of this exploratory study suggest that the e-Health tool
may be used in further prospective studies to assess its impact on gly-
cemic control and cost-effectiveness as a part of usual care. The concept
presented here will be useful to prompt future eHealth interventions in
people with T1D or other chronic conditions aiming to increase patients’
autonomy and prevent disease-related complications.
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